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1
Introduction
A brief description of Half Duplex (HD) operation was received [2]. The purpose of this contribution is firstly to explain what those principles mean for RAN2 and secondly to investigate the impacts the support of HD UEs has on RAN2 specifications.
2
Half Duplex FDD Operation
RAN1 agreed that sub-frames are assigned for uplink or downlink transmission dynamically as a result of the scheduler operation [2]:

-
The UE shall assume that any sub-frame not otherwise required for transmission of uplink may contain PDCCH for assignments of uplink and/or downlink grants;

-
Sub-frames are reserved for uplink transmission as a result of the normal FDD timing associations between PDSCH and ACK/NACK and between PDCCH carrying UL grants and PUSCH;

-
Uplink transmission may not occur on sub-frames required for PHICH reception.
For DL RX → UL TX switching, a reserved period is provided at the end of the downlink sub-frame. The length of the reserved period is adjustable with symbol-level granularity and may be cell-specific or associated with the UE-specific timing advance value. For UL RX → DL TX switching, the necessary switching time is created at the eNB by timing advance means. Figure 1 below gives an example of the resulting HD Operation
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Figure 1: HD Operation Example

In order to maintain HARQ operation unchanged, a 3 TTIs processing time is still assumed in both DL and UL. This means that a maximum of 4 consecutive TTIs can be used for DL transmission by the eNB before the UE has to switch naturally to UL TX for PUCCH transmission. Similarly, this also means that a maximum of 4 consecutive TTIs can be used for UL transmission by the UE before having to switch to DL RX for PHICH reception. So when looking at the maximum number of TTIs, the operation is very similar to TDD. But since the maximum number of TTI is not always used the switching points between UL and DL are not fixed in time as in TDD. Figure 2 below gives another example of HD operation where only one TTI is scheduled. Note the difference with Figure 1 in terms of DL RX activity.
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Figure 2: Another HD Operation Example

In order to analyze the impacts the support of HD UEs has on RAN2 specifications, it is first important to understand the possible misalignments between DL RX activity performed at the UE and DL RX activity expected from the UE at the eNB. DL RX activity is governed by the following principle: any sub-frame not otherwise required for transmission of uplink may contain PDCCH for assignments of uplink and/or downlink grants [1]. Since a sub-frame is scheduled for (re)transmission through PDCCH and/or PHICH, the one error that can occur consists of an ACK→NAK error [3]. When it happens, not only an UL collision may occur (similarly as for FD UEs), but DL scheduling opportunities disappear: looking at Figure 2, if the UL transmission on HARQ process #4 is an undesired non-adaptive retransmission, DL transmissions on HARQ process #3 and #4 will be affected.
3
Impact on RAN2 specifications
3.1
HARQ Operation
As long as the 3 TTIs processing time agreed for FD UEs applies to HD UEs, there does not seem to be any impact on HARQ operation and multiplexing of FD and HD UEs is possible on the same carrier.

Proposal: Same HARQ processing time for HD and FD UEs.
3.2
DRX

As highlighted in earlier contributions [4], it is of crucial importance to avoid situations where the UE and eNB have a different understanding of DRX parameters as it has a severe impact on both UE and eNB scheduling possibility in RRC-CONNECTED mode. To avoid such scenarios, several agreements have been reached:

-
UE shall always monitor PDCCH during the on-duration;
-
The short DRX cycle is a full fraction of the long DRX cycle;
-
DRX parameters relates to DL subframes to make it applicable to TDD.
While the two first agreements equally apply to HD UEs, the third one does not seem to ensure a perfect synchronisation always due to the problem described in section 2. Indeed, because signalling errors can occur on PHICH, the UE and the eNB may count DL subframes differently and therefore have a different understanding of the current TTI’s position in the DRX cycle. In order to avoid possible de-synchronisation, it is proposed to signal the DRX parameters of HD UEs as a number of TTIs or ms. Such parameters are then naturally not sensitive to the switching points between UL and DL and allows the eNB to efficiently multiplex resources in time.
Proposal: for HD UEs, the DRX parameters are signalled as consecutive TTIs or ms.
3.3
Conflicts
A conflict exists when DL RX activity overlaps with UL TX activity. Two kinds of conflicts are discussed below: fixed conflicts (originating from RRC signalling) and dynamic conflicts (originating from scheduling and HARQ operation).
3.3.1
Fixed Conflicts

Conflicts between UL and DL activity can originate from RRC signalling: for instance a periodic CQI directly conflicting with DL persistent scheduling. We propose to leave the UE behaviours unspecified for those i.e. assume that they will not happen.

Proposal: RRC configuration of HD UEs should not overlap UL and DL activity (nothing to be specified).
3.3.2
Dynamic Conflicts

Because the switching points between DL RX activity and UL TX activity are not fixed in time for HD UEs, possible conflicts can occur between “long-term planned” activity in UL or DL (e.g. via RRC) and “short-term planned” activity in DL or UL respectively (e.g. via PDCCH). 

Long-term planned activities consist of:
-
Periodic reporting on PUCCH e.g. CQI (UL TX);

-
Persistent Scheduling on UL-SCH (UL TX);

-
Persistent Scheduling on DL-SCH (DL RX).
Short term activities consist of:
-
Reporting trigger is met e.g. for BSR (UL TX);

-
ACK/NACK transmission on PUCCH in response to DL reception (UL TX);
-
Non-adaptive UL retransmissions on UL-SCH (UL TX);

-
ACK/NACK reception on PHICH in response to UL transmission (DL RX).
3.3.2.1
Periodic reporting on PUCCH vs. PHICH reception

PHICH reception originates from UL-SCH transmissions. Since UL-SCH transmissions are always scheduled by the eNB, there is no reason for such a conflict to occur. If the UL-SCH transmission is an erroneous non-adaptive retransmission, the conflict can also be avoided if the eNB always assumes a fixed pattern where 4 DL subframes alternate with 4 UL ones. In other words, by placing the first UL transmissions (scheduled or non-scheduled ones) in an appropriate manner, even erroneous non-adaptive retransmissions can occur in the UL part of the pattern, thereby avoiding possible conflicts always.
3.3.2.2
Persistent Scheduling on UL-SCH vs. PHICH reception

As for the previous case, the eNB should be able to avoid such cases by assuming a fixed pattern of 4 UL subframes + 4 DL subframes in its resource allocation and there is no need to address such a case in specifications.
3.3.2.3
DL Persistent Scheduling vs. reporting trigger
When the UE is synchronised, a reporting trigger will make the UE use the SR on PUCCH. When the UE is not synchronised, a RACH will be used instead. In both cases, any conflict with persistent scheduling can be avoided through proper RRC configuration.

3.3.2.4
DL Persistent Scheduling vs. ACK/NAK transmission

ACK/NAK transmission can only follow a DL transmission on DL-SCH, which is something under the control of the eNB. So here again, by assuming a fixed pattern of 4 DL subframes always followed by 4 UL ones, the eNB can manage the UE resources in a way where such conflicts cannot occur.
3.3.2.5
DL Persistent Scheduling vs. non-adaptive retransmission

Once again, if the eNB assumes a fixed pattern when allocating and managing UE resources, such conflicts should not occur and there is no need to address them in the specification.
3.4
Fixed Pattern

For most of the issues above, an attractive and simple solution for the eNB would be to fix the pattern to a cycle of 4 DL subframes followed by 4 UL subframes as shown on Figure 1. Such a cycle naturally precludes all kind of conflict between UL and DL activity. Another benefit is that it does not require modifying the definition of DRX parameters. 
Proposal: HARQ operation of HD UEs is governed by a fixed and specified cycle of 4 DL subframes followed by 4 UL subframes always.

Note that the pattern only governs HARQ operation in the serving cell: where DL transmission can be received by the UE and where UL transmission can be made. When a UE is not scheduled in UL, it can naturally make DL measurements instead.
4
Conclusion
A series of proposal have been made for the support of HD UEs in E-UTRAN.
Proposal: Same HARQ processing time for HD and FD UEs (nothing to be specified).
Proposal: RRC configuration of HD UEs should not overlap UL and DL activity (nothing to be specified).

Then for DRX operation and avoid possible conflicts in dynamic HARQ operation where the UE would be required to listen to a DL transmission and perform UL transmission at the same time, two alternatives are possible:

1) 
HARQ operation of HD UEs is governed by a fixed and specified cycle of 4 DL subframes followed by 4 UL subframes always; or

2)
DRX parameters of HD UEs are signalled as consecutive TTIs or ms and UEs rely on scheduler implementation to avoid possible conflicts.
Although the 2nd option above would be simpler from a standardisation perspective, fixing the pattern in the specification can only make the behaviour clearer and guarantee that no dynamic conflict in HARQ operation can occur (thereby simplifying UEs’ implementation).
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